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@ 3-Benzoyl-2-mercaptopropionic acid derivatives.

€) Novel compounds having the general formula

X COOR
0 COCH,CH<
SZ
Y
- LT e — — e T . — T
wherein X is hydrogen or halogen, Y is hydrogen, halo- o T

gen, methoxy or alkyl having 1 to 3 carbon atoms, Z is
® hydrogen, alkylcarbony! having 2 to 6 carbon atoms or
I benzoyl, and R is hydrogen, alkali metal or alkyl having
1 to 5 carbon atoms, are disclosed. These compounds
exhibit excellent hypolipidemic activity and little or no
side effect.
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DESCRIPTION

The present invention relates to novel 3-Benzoyl-2-
mercaptopropionic acid derivatives. More particularly, it
relates to 3-benzoyl-2-mercaptopropionic acid derivatives
having an activity to reduce lipids such as total cholesterols
and triglycerides in blood of mammals.

éenerally, sedimentation of an excess amount of lipids
in blood is considered to be one of causes of arteriosclerosis
such as atherosclerosis. Accordingly, it is considered as a
desirable method for the therapy of artheriosclerosis and
diseases related thereto to reduce the lipid concentration in
blood.

The present invention is based on the discovery that
new 3-benzoyl-2-mercaptopropionic acid derivatives remarkably
reduce lipids such as total cholesterols and triglycerides in
blood of mammals and show little or no side effect.

The compounds of the invention are 3-benzoyl-2-

mercaptopropionic acid derivatives having the general formula:

COOR
Y SZ

wherein X is hydrogen or halogen, Y is hydrogen, halogen,
methoxy or alkyl having 1 to 3 carbon atoms, Z is hydrogen,

alkylcarbonyl having 2 to 6 carbon atoms or benzoyl, and R is
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hyd;ogen, alkali metal or alkyl having 1 to 5 carbon atoms.

The term "alkyl" as used throughout the specification,
either by itself or as part of a larger group, refers to both
straight and branched chain alkyl groups. The term "halogen®
refers to fluorine, chlorine, bromine or iodine. X or ¥ may
occur at any position of the phenyl ring.

Preferred compounds of formula I are those wherein X

is hydrogen, those wherein Y is hydrogen or halogen, those

wherein Z is acetyl, and those wherein R is hydrogen or ethyl.
The compound of formula I may be prepared, for
example, by the following methods.

(1) A compound having the general formula:

30O

wherein, X and Y are as defined above, is reacted with maleic
anhydride according to Friedel-Crafts reaction to give a

carboxylic acid compound having the general formula:

. ,
@ 0 —< >— COCH=CHCOOH - (m)
Y

wherein, X and Y are as defined above.
(2) The compound of formula II is reacted with an
alkylating agent having the alkyl group defined for R in

formula I in the presence of an organic solvent and a base to
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give an alkyl ester having the general formula:

X
@— o-@ COCH=CHCOOR - (1m)
. _

wherein, X, ¥ and R aré as defined in formula I except that R.
is other than hydrogen or alkali metal.

The organic solvent includes, for example, acetone,
dimethylformamide, hexamethylphosphoric triaﬁide and dimethyl
sulfoxide.

The base includes, for example, sodium carbonate,
potassium carbonate, lithium carbonate, sodium hydrogen-
carbonate, potassium hydrogencarbonate, sodium hydroxide,
potassium hydroxide, sodium alkoxides and sodium hydride.

The alkylating agent includes those conventionally
used, such as alkyl halides, dialkyl sulfates, alkyl esters of
alkanesulfonic acid(e.g. methanesufonic écid), and alkyl
esters of arylsulfonic acid(e.g. p-toluenesulfénic aéid).

(3) The compound of formula II or III dissolved in an
organic solvent is reacted with a thiocarboxylic acid having
the general formula: ZSH wherein Z is as defined above other
than hydrogen, at a temperature of -20 to 50 °C for 0.5 to 24
hours to give the compound of formula I wherein R is hydrogen
or alkyl and Z is other than hydrogen.

1l to 2 molér equivalent of the thiocarboxylic acid may
be used, relative to the compound of formula II or III.

The organic solvent includes, for example, methanol,
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ethanol, t-butanol, hexane, benzene, toluene, diethyl ether,
dimethoxyethane, dioxane, methylene chloride, chloroform,
carbon tetrachloride, carbon disulfide, acetone, ethyl
acetate, dimethylformémide, hexamethylphosphoric triamide and
dimethyl sulfoxide.

(4) The compound of formula I wherein R is alkali metal
can be obtained by reacting the compound of formula I wherein
R is hydrogen with the same base as used in item (2).

The compound of formula I wherein 2 is hydrogen can be
obtained by hydrolyzing the compound of formula I wherein Z is
alkylcarbonyl or benzoyl, with an acid such as sulfuric acid
and hydrochloric acid.

The compound of formula I wherein 2 is other than
hydrogen can be also obtained by acylating‘the compound of
formula I wherein Z is hydrogen with an acid halide or acid
anhydride containing Z which is as defined in formula I other
than hydrogen. Examples of the acid halide or acid anhydride
are those of which acid moiety is acetic acid,'propionic acid,
butyric acid, hexanoic acid, benzoic acid or the like.

The compounds of formula I thus obtained can be
purified by column chromatography or recrystallization.

(5) ] Alternatively, the compound of formula II or III may
be also prepared by the following method. Namely, a compound

having the general formula:

X )
. @_ o—@ COCH.,CH,COOR
Y
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wherein R, X and Y are as defined above, is reacted with
bromine in an organic solvent(e.g. diethyl ether, tetrahydro-
furan, methylene chloride, chloroform, carbon tetrachloride

and the like) to give a compound having the general formula:

Br

X |
@ o-@- COCHCH ,COOR
Y

wherein R, X and Y are as defined above, which is then
dehydrogenbrominated with a base(e.g. potassium écetate,
sodium acetate and the bases as used in item (2)) in an

" organic solvent(e.g. acetone, ethanol, acetic acid, dimethyl-
formamide, hexamethylphosphoric triamide, dimethyl sulfoxide
and the like) to give the compound of formula II or III, i.e.

~a compound having the general formula:

X

@‘ o‘©- COCH=CHCOOR - (1v)
Y

wherein R, X and Y are as defined in formula I.

The starting materials in items (1), (3) and (5), most
of whiéh are known, are conveniently prepared by‘the known
methods.

The compounds of the present invention have excellent
hypolipidemic acti&ity to mammals such as rat, rabbit and
human, and have little or no side effect, therefore, they are

useful as hypolipidemic agents. For the pufposes, the
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compound of formula I may be administered orally or
parenterally in a conventional dosage form such as tablets,
capsules, powders, granules, syrups, and injectional forms
prepared according to conventional pharmaceutical practices.

The effective dosage of compound of the present
invention depends on the age, weight or response of the
patient. Generally, however, the daily dosage in adults may
range from 0.1 to 3 g, preferably 0.3 to 1.5 g in single or
divided "doses. '

Shown are in the following Experiments the
hypolipidemic éctivity, side effect to liver and toxicity of
the compounds of the present invention and a comparative
cpmpound, ethyl 2-(4-chlorophenoxy)-2-methylpropionate
(hereinafter referred to as "Clofibrate"). The compound
number used in these experiments refers to a compound which is
prepared in accordance with the hereinafter correspondingly
numbered Example.

Experiment 1

5-Weeks-0ld male Wister rats (body weight; 120 + 6 g,
five rats per group) were fed for a week at constant
temperature and humidity.r At the end of the period, each of
the compouﬁds of the present invention and Clofibrate, which
was prepared in the form of a suspension in a 5 % gum arabic
agueous solﬁtion, was orally administered to the fat in a
daily doée of 100 mg/kg, as the active ingredient, for the
consecutive 3 days. A 5 % gum arabic agueous solution was

orally administered to rats for a control group. After
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administration, each rat was fasted for 18 hours and
anesthetized with diethyl ether. Blood was collected through
the groin artery and vein, and the lipid concentration in
serum was determined with an autoanalizer, and the relative
liver weight(g/100 g of body weight) was determined.
Summarized are in the following Table the blood lipid
decreasing rates expressed as percentage of the difference of
blood lipid concentration between the dosed group and .the
control aroup, and the relative liver weight expressed as
percentage of the difference of liver weight between the dosed

group and the control group.

Blood lipid decreasing Liver weight
' rate (%) increasing
Compound rate (%)
Cholesterol Triglyceride
1 19,2%%* 31.7* 0
3 10.7 33, 7%%x% -1.2
4 10.7 ’ 22.6% -1.1
7 53.6%%* 50.4%* 11.9%
13 9.9 30.1*%* 11.1
14 20.7 27.6%** 3.5
16 8.5 33.4%*%%* , 3.4
22 , 37.6%*%% 21.9 12.7
23 41 Tx** 23.9% 3.5
27 35.8%%% 23.5% 11.1
28 18.8* 21.9 3.5
Clofibrate 33.7% 0.7 25, 4%%%
Remark: *:p <0.05, **:p <0.01, *¥**:p<0.001
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Experiment 2

Each of 10 ddy male mice (body weight; 22 + 2 g) was
orally administered with Compound 1 in the form of a
suspension in a 5 % gum arabic agueous solution. Clofibrate
was also administered in the same method. The animals were
observed for 7 days and then the LD5g were calculated from the
deaths by the Probit method. The LDsg values of Compound 1
and Clofibrate were 2.70 g/kg and 0.95 g/kg, respectively.

-~

The following Examples are illustrative of the present

invention.

Example 1

2.68 g of 3-(4-phenoxybenzoyl)acrylic acid were
dissolved in 30 ml of diethyl ether, then 0.8 ml of thioacetic
acid was added, and the mixture was stirred for 5 hours.
After the diethyl ether was distilled off under reduced
pressure, the residue was purified firsﬁ by silica gel
chromatography, eluted with a mixture of hexane and
dichloromethane, then by recrystallization from a mixturerof
hexane and dichloromethane to give 2.96 g of 2-acetylthio-3-
(4-phenoxybenzoyl) propionic acid.

J m.b. 105.5 - 106.5 °C

Anal. (%); for C3gH31405S

Calcd. : C, 62.78? H, 4.68
Found : C, 62.86; H, 4.70

Example 2
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(1) 5.52 g of 4-methylbiphenyl ether and 2.99 g of maleic
anhydride were dissolved in 200 ml of dichloromethane. 5.97

g of anhydrous aluminum chloride were added to the solution,
little by little, under ice-cooling and with stirring, then
the mixture was stirred at room temperature for 5 hours. The
reaction mixture was concentrated under reduced pressure,
poured to a mixture of 5 ml of concentrated hydrochloric acid
and 100 g of ice and then extracted with diethyl ether. The
extract was washed with water and dried over'magnesium
sulfate, and the diethyl ether was removed by evaporation
under reduced pressure. The residue Qas recrystallized from
" a mixture of hexane and acetone to give 4.58 g of 3-[4-(4-
methylphenoxy)benzoyl]acrylic acid.

m.p. 145 - 146 °C
(2) The procedure in Example 1 was followed, except that
2.82 g of 3-[4-(4-methylphenoxy)benzoyl]lacrylic acid were used
in place of 3-(4-phenoxybenzoyl)acrylic acid, to give 3.01 g
of 2-acetyl§hio-3-[4-(4—methylphenoxy)benzoyl]propionic acid
in the form of an oil.

IR?’Eiit em~l : 1720 (thiocester), 1710 (carboxylic acid),

1680 (ketone)
15-NMR (CDC13), ppm : §= 2.36(3H, s), 2.38(3H, s),
3.55(1H, 4d, J=16Hz, 4Hz), 3.67(lH, d4d, J=16Hz, 6Hz), 4.60(1H,

bs), 4.77(1H, dd4, J=6Hz, 4Hz), 6.94 - 7.30(6H, m), 7.91(2H,.4d,
J=8Hz)
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Example 3
- (1) =~ The procedure in Example 2(1) was followed, except
that 6.36 g of 4-isopropylbiphenyl ether were used in place of
4-methylbiphenyl ether, to give 5.22 g of 3-[4-(4-isopropyl-
phenoxy) benzoyllacrylic acid.
m.p. 133 - 134.5 °C
(2) The procedure in Example 1 was followed, except that
3.10 g of 3-[4~(4-isopropylphenoxy)benzoyl]acrylic acid were
used in place of 3-(4-phenoxybenzoyl)acrylic acid, to give
1.50 g of 2-acetylthio-3-[4-(4~isopropylphenoxy)benzoyl] -
propionic acid.
m.p. 110 - 111.5 °C
Anal. (%); for Cg1H2205S
Calcd. : C, 65.27; H, 5.74
Found : C, 65.45; H, 5.81

Example 4
(1) The procedure in Example 2(1) was followed, except
that 6.00 g of 4-methoxybiphenyl ether were used in place of
4-methylbiphenyl ether, to give 3.13 g of 3-[4-(4-methoxy-
phenoxy) benzoyl]lacrylic acid.

m.p. 137 - 139 °C
(2) The procedure in Example 1 was followed, except that
2.98 g of 3-[4-(4-methoxyphenoxy)benzoyl]lacrylic acid were
used in place of 3-(4—phenoxybenzoyl)acrylic acid, to give
2.55 g ofr2-acetylthio—3-[4-(4-methoxyphenoxy)benzoyl]—

propionic acid.
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m.p. 110 - 111 °C
Anal. (%); for C39H3g0gS
Calcd. : C, 60.95; H, 4.85
Found : C, 61.11l; H, 4.86
Example 5
(1) The procedure in Example 2 (1) was followed, except
that 6.14 g of 2~-chlorobiphenyl ether were used in place of 4-
methylbiphenyl ether, to give 5.29 g of 3-[4-(2-chloro-
" phenoxy)benzoyl]lacrylic acid.
m.p. 145 - 147 °C
(2) The procedure in Example 1 was followed, except that
3.03 g of 3-[4-(2-chlorophenoxy)benzoyl]acrylic acid and 30 ml
of chloroform were used in place of 3-(4-phenoxybenzoyl)-
acrylic acid and diethyl ether, respectively, to give 3.22 g
of 2-acetylthio-3-[4~(2~chlorophenoxy)benzoyl]propionic acid.

max

em~1 : 1720 - 1680 (caibonyl)
ln-NMR(CDC13), ppm : §= 2.38(3H, s), 3.55(1H, 44,

J=16Hz, 6Hz), 3.67(lH, dd, J=16Hz, 7Hz), 4.76(1H, dd, J=7Hz,

6Hz), 6.96(2H, 4, J=8Hz), 7.13(1H, d, J=8Hz), 7.15 - 7.36(2H,

m), 7.51(1H, 4, J=8Hz), 7.94(2H, 4, J=8Hz), 8.46(1H, s)

Example 6

(1) The procedure in Example 2(1l) was followed, except
that 6.14 g of 3-chlorobiphenyl ether were used in place of 4-
methylbiphenyl ether, to give 3.78 g of 3-[4-(3-chloro-

phenoxy)benzoyllacrylic acid.

- =
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m.p. 110 - 111 °C
(2) The procedure in Example 1 was followed, except that
3.03 grof 3f[4—(3—chlorophenoxy)benzoyl]acrylic acid and 30 ml
of dichloromethane were used in place of 3~ (4~-phenoxybenzoyl)-
acrylic acid and diethyl ether, respectively, to give 3.14 g
of 2-acetylthio-3-[4-(3-chlorophenoxy)benzoyl]propionic acid.

m.p. 122 - 125 °C
Anal. (%); for C1gH15C105S
* Calcd. : C, 57.07; H, 3.99

Found : C, 57.15; H, 4.09

'Exam?le 7
" The procedure in Example 1 was followed, except that
3-[4-(4-chlorophenoxy)benzoyllacrylic acid was used in place
of 3-(4-phenoxybenzoyl)acrylic acid, to give 3.50 g of 2-
acetylthio-3-[4-(4-chlorophenoxy)benzoyl]lpropionic acid.
m.p. 91 - 94 °C
Anal.(%); for Cj3gH15C1l055
Calcd. : C, 57.07; H, 3.99
Found : C, 57.18; H, 4.10

Examplé 8

(L) The procedure in Example 2 (1) was followed, except
that 7.47 g of 4-bromobiphenyl ether were used in place of 4-
methylbiphenyl ethér, to give 6.86 g of 3-[4-(4-bromo-
phenoxy)benzoyl]lacrylic acid.

m.p. 171 - 172 °C
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(2) The procedure in Example 1 was followed, except that
3.47 g of 3-[4-(4-bromophenoxy)benzoyl]acrylic acid and 30 ml
of chloroform were used in place of 3-(4-phenoxybenzoyl)-
acfylic acid and diethyl ether, respectively, to give 4.15 g
of 2~acetylthio-3-[4~-(4-bromophenoxy)benzoyl]lpropionic acid.

m.p. 117 - 118 °C

Aﬁal.(%); for C3gH315BrOsS

Calcd. : C, 51.08; H, 3.57

Found : C, 51.14; H, 3.61

Example 9
(1) The procedure in Example 2(1l) was followed, except
that 7.17 g of 3,4-dichlorobiphenyl ether were used in place
of 4-methylbiphenyl ether, to give 5.56 g of 3-[4-(3,4-
dichlorophenoxy)benzoyllacrylic acid.

m.p. 155 - 156.5 °C
(2) The procedure in Example 1 was followed, except that
3.37 g of 3-[4-(3,4-dichlorophenoxy)benzoyllacrylic acid and
30 ml of dichloromethane were used in placed of 3-(4-
phenoxybenzoyl)acrylic acid and diethyl ether, respectively,
to givg 3.96 g of 2-acetylthio-3-[4-(3,4-dichlorophenoxy

)benzoyl]-propionic acid in the form of an oil.

s

em~1l : 1750 - 1670 (carbonyl)
1g-NMR(CDCl3), ppm : §= 2.40(3H, s), 3.55(1H, 44,
J=16Hz, 4Hz), 3.70(1lH, dd, J=16Hz, 6Hz), 4.78(lH, dd, J=6Hz,

4Hz), 6.70(1H, bs), 6.90 - 7.52(5H, m), 7.92(2H, 4)
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Example 10

(1) The procedure in Example 2 (1) was followed, except
that 6.56 g of 4-chloro-2-methylbiphenyl ether were used in
place of 4-methylbiphenyl ether, to give 8.64 g of 3-[4-(4-
chloro-2-methylphenoxy)benzoyl]lacrylic acid.

m.pP. 138 - 139 °C
(2) The procedure in Example 1 was followed, except that
3.17 g of 3-[4-(4-chloro-2-methylphenoxy)benzoyl]acrylic acid
were useg in place of 3—(4—phenoxybenzoyl)acgylic acid, to
give 3.60 g of 2-acetylthio-3-[4-(4-chloro-2-methylphenoxy)-
benzoyl]propionic acid in the form of an oil.

IR;pggit cm~l : 1740 - 1680 (carbonyl)

lH-NMR(CDC13), ppm : §= 2.17(3H, s), 2.39(3H, s),
3.57(1H, dd, J=18Hz, 5Hz), 3.66(1H, dd, J=18Hz, 8Hz), 4.77(1H,
dd, J=8Hz, S5Hz), 6.93(3H, m), 7.18 - 7.34(2H, m), 7.94(2H, 4,
J=9Hz), 8.54(1H, bs)

Example 11
(1) The procedure in Example 2{1l) was followed, except
that 6.56 g of 4-chloro-3-methylbiphenyl ether were uéed in
_ place of 4-methylbiphenyl ether, to give 7.07 g of 3-[4-(4-
chloro-3—methylphenoxy)bénzoyl]acry;ic acid.

m.p. 135 - 136.5 °C .
(2) The procedure in Example 1 was followed, except that
3.17 g of 3-[4-(4-chloro-3-methylphenoxy)benzoyllacrylic acid

and 30 ml of dichloromethane were used in place of 3-(4-



phenoxybenzoyl)acrylic acid and diethyl ether, respectively,
to give 3.83 g of 2-acetylthio-3-[4~(4-chloro-3-methyl-
phenoxy) benzoyl]propionic acid in the form of an oil.

iR ?g:it cm~l : 1720 - 1680 (carbonyl)

lg-NMR(CDC1l3), ppm : §= 2.36(3H, s), 2.38(3H, s),
3.52(1H, 44, J=16Hz, 4Hz), 3.67(1H, 44, J=16Hz, 6Hz), 4.75(1H,
dd, J=6Hz, 4Hz), 5.30(1H, bs), 6.80 - 7.02(4H, m), 7.36(1H, 4,
J=8Hz) , 7.93(2H, d, J=8Hz)

Example 12
»(l) 5.36 g of 3-(4-phenoxybenzoyl)acrylic acid were
dissolved in 30 ml of dimethylformamide, then 1.48 g of
lithium carbonate and 5.68 g of methyl iodide were added. The
mixture was stirred at room temperature for 3 hours and then
allowed to stand overnight, Diethyl ether was added to the
reaction mixture, which was then washed,'ip turn, with water,
a saturated aqueous solution of sodium hydrogencarbonate and
water, and then dried over magnesium sulfate. The diethyl R
ether was removed by evaporation under reduced pressure, and
the residue was recrystallized from a mixture of benzene and
hexane to give 5.24 g of methyl 3-(4-phenoxybenzoyl)acrylate.
m.p. 88 - 90 °C |
(2) 2.82 g of methyl 3-(4-phenoxybenzoyl)acrylate were
dissolved in 30 ml of diethyl ether, then 1.5 ml of thioacetic
acid were added. The mixture was stirred for 3 hours. The

reaction mixture was washed, in turn, with water, a saturated
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aqueous solution of sodium hydrogencarbonate and water and
then dried over magnesium sulfate. The diethyl ether was
removed by distillation under reduced pressure. The residue
was purified first by silica gel column chromatography, eluted
with a mixture of hexane and diethyl ether, then by
recrystallization from a mixture of hexane and diethyl ether
to give 2.91 g of methyl 2—acety1thio—3-(4-phenoxybénzoyl)-
propionate.
g.p. 59 - 61 °C
Anal. (%); for CjgH1805S
Caled. : C, 63.67; H, 5.06
Found : C, 63.49; H, 5.12

Example 13

(1) 5.36 g of 3-{4-phenoxybenzoyl)acrylic.acid were
dissolved in 30 ml of dimethylformamide,rand then 1.36 g of
potassium carbonate and 3.03 g of diethyl sulfate were added.
The mixture was stirred at room temperature for 3 hours.
Diethyl ether was added to the reaction mixture, which was
then washed, in turn, with water, a saturated aqueous solution
of sodium hydrogencarbonate and water, and dried over
magnesium sulfate. The diethyl ether was removed by
evaporation under reduced pressure; The residug was
purified first by silica gel column chromatography, eluted
with a mixture of hexane and diethyl ether, then by
recrystallization from hexane to give 4.36 g of ethyl 3-(4-

phenoxybenzoyl)acrylate.
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m.p. 50 - 53.5 °C
7(2) The procedure in Example 12(2) was followed, except
that 2.96 g of ethyl 3-(4-phenoxybenzoyl)acrylate was used in
place of methyl 3-(4-phenoxybenzoyl)acrylate, to give 3.46 g
of ethyl 2-acetylthio-3-(4-phenoxybenzoyl)propionate.

m.p. 78 - 79 °C

Anal. (%); for CpqgHp(0s5S

Calcd. ¢ C, 64.50; H, 5.41

Found : C, 64.53; H, 5.52

Example 14
(1) 6.24 g of isopropyl 3-(4-phenoxybenzoyl)propionate
were dissolved in 50 ml of chloroform. After a catalytic

amount of anhydrous aluminum chloride was added, a solution of
3.62 g of bromine in 20 ml of chloroform was added dropwise
over 30 minutes. The reaction mixture was washed with
water, thén dried-over magnesium sulfate. The chloroform
was removed by evaporation under reduced pressure to give oily
isopropyl 3-bromo-3-(4~phenoxybenzoyl)propionate, which was
dissolved, without purification, in 50 ml of dimethyl-
formamide. 3.02 g of potassium acetate were added under ice-
cooling, and the mixture was stirred for 30 minutes. Diethyl
ether was added to the reaction mixture, which was then washed
with water and drigd over magnesium sulfate. The diethyl

ether was distilled off under reduced pressure and the residue

8]

was reoeryctizllized from a mixture of hexane and diethyl ether

to give 5.83 g of isopropyl 3-(4-phenoxybenzoyl)acrylate.

— e
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m.p. 71.5 - 72 °C
(2) The procedure in Example 12(2) was followed, except
that 3.10 g of isopropyl 3-(4-phenoxybenzoyl)acrylate were
used in place of methyl 3-(4-phenoxybenzoyl)acrylate, to give
3.62 g of isopropyl 2-acetylthio-3-(4-phenoxybenzoyl)-
propionate in the form of an oil.

IR y;‘n:;t cm~l : 1730 (ester, thioester)

1690 (ketone) .
TH-NMR (CDC13), ppm : §= 1.22(3H, d, J=6Hz), 1.25(3H,
d, J=6Hz), 2.37(3H, s), 3.51(1H, dd, J=17Hz, 4Hz), 3.66 (LH,
dd, J=17Hz, 8Hz), 4.67(1H, 44, J=8Hz, 4Hz), 5.05(1H, heptet,
J=6Hz), 6.96 - 7.48(7H, m), 8.01(2H, 4, J=8Hz)

Example 15
(1) The procedure in Example 14(1l) was followed, except
that 6.80 g of pentyl 3-(4-phenoxybenzoyl)propionate were used
in place of isopropyl 3—(4-phenoxybenzoyl)propiqnate, to'éive
6.39 g of pentyl 3-(4-phenoxybenzoyl)acrylate in the form of
an oil.
1H-NMR(CDC1l3), ppm : § = 0.92(3H, m), 1.37(4H, m),

1.69(2H, m), 4.27(2H, t, J=7Hz), 6.90(1H, 4, J=16Hz), 7.00 -
| 7.50(7H, m), 7.94(1H, 4, J=16Hz), 8.01(2H, 4, J=8Hz) |

(2) The procedure in Example 12k2) was followed, except
that 3.38 g of péntyl 3-(4-phenoxybenzoyl)acrylate were used
in place of methyl 3-(4—phenoxybenzoyl)acryléte, to give 3.93

g of pentyl 2-acetylthio-3-(4~phenoxybenzoyl)propionate in the
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form of an oil.

Lleggzt cm~l : 1735 (ester, thioester)

1685 (ketone)
1p-NMR(CDC13), ppm : &= 0.87(3H, m), 1.30(4H, m),
1.63(2H, m), 2.38(3H, s), 3.52(1H, dd4, J=18Hz, 5Hz), 3.66(1lH,
dd, J=18Hz, 8Hz), 4.14(2H, t, J=6Hz), 4.72(1H, 4d, J=8Hz,
5Hz), 6.95 - 7.48(7H, m), 7.94(2H, 4, J=8Hz)

Example 16

3.58 g of 2-acetylthio-3-[4-(4-methylphenoxy)benzoyl]~-
gropionic acid were dissolved in 50 ml of ethanol, then a
solution of 0.04 g of sodium hydroxide in 10 ml of ethanol was
added dropwise, under ice-qooling and with stirring. The
mixture was stirred at the same temperature for a further §ne
hour. 20 ml of diethyl ether were added to the reaction
mixture and the precipitate was collected by filtration, then
washed with diethyl ether, to give 3.04 g of sodium 2-acetyl-
thio-3-[4-(4-methylphenoxy)benzoyl]propionate.

m.p. 140 - 145 °C (dec.)

Anal.(%); for CjgH37NaOsS

Calcd. : C, 59.99; H, 4.50

Found : C, 59.84; H, 4.45

Example 17 7
(1) The procedure in Example 12(1l) was followed, except

that 5.64 g of 3-[4-(4-methylphenoxy)benzoyllacrylic acid and
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5.98 g of ethyl iodide were used in place of 3-(4-phenoxy-
benzoyl)acrylic acid and methyl iodide, respectively, to give
4.74 g of ethyl 3-[4-(4-methylphenoxy)benzoyl]acrylate in the
form of an oil.
lg-NMR(CDC13), ppm : § = 1.34(3H, t, J=7Hz), 2.37(3H,
s), 4.30(2H, q, J=7Hz), 6.88(1lH, 4, J=16Hz), 6.98 - 7.36(6H,
m), 7.90(1H, d; J=16Hz), 7.99(2H, 4, J=8Hz)
(2) The procedure in Example 12(2) was followed, except
that 3.ldig of ethyl 3-[4-(4—methylphenoxy)bénzoyl]acrylate
were used in place of methyl 3-(4-phenoxybenzoyl)acrylate, to
give 3.18 g of ethyl 2-acetylthio-3-[4-(4-methylphenoxy) -
benzoyl]propionate.
m.p. 85 - 86.5 °C
Anal.(%); for Cp31H2205S
Calcd. : C, 65.27; H, 5.74
Found : C, 65.29; H, 5.71

Example 18
(1) The procedure in Example 17 (1) was followed, except
that 6.20 g of 3—[4;(4-isopropylphenoxy)benzoyl]acrylic acid
were used ih place of 3-[4-(4-methylphenoxy)benzoyl]lacrylic
acid, to give'4.91 g of éthyl 3-[4-(4-isopropylphenoxy) -
benzoyl]acrylate in the form of an'oil. _

1g-NMR (CDC1l3), ppm : §= 1.29(6H, 4, J=6Hz), 1.35(3H,
t, J=7Hz), 2.96(1H, heptet, J=6Hz), 4.32(2H, q, J=7Hz),
6.90(1H, 4, J=16Hz), 7.02(2H, 4, J=8Hz), 7.04(2H, 4, J=8Hz),
7.28(2H, 4, J=8Hz), 7.91(1H, 4, J=16Hz), 8.00(2H, 4, J=8Hz)
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(2) The procedure in Example 12(2) was followed, except

-

that 3.36 g of ethyl 3-[4-(4-isopropylphenoxy)benzoyljacrylate
were used in place of methyl 3-{4-phenoxybenzoyl)acrylate, to
give 3.83 g of ethyl 2-acetylthio-3-[4~(4~isopropylphenoxy)-
benzoyl]propionate in the form of an oil.

IRgvgzit em~l : 1730 (ester, thioester)

1680 (ketone)
lp-NMR(CDC13), ppm : §= 1.26(3H, t, J=7Hz), 1.27(6H,
d, J=6Hz), 2.38(3H, s), 2.94(1H, heptet, J=6Hz), 3.51(1H, dd,
J=16Hz, 4Hz), 3.65(1H, dd, J=16Hz, 6Hz), 4.21(2H, g, J=7Hz),
4,70 (1H, &d, J=6Hz, 4Hz), 6.98(4H, 4, J=8Hz), 7.25(2H, 4,
J=8Hz), 7.92(2H, d, J=8Hz) |

Example 19
(L) The procedure in Example 17(l) was followed, except
that 6.00 g of 3—[4-(4—me£hoxyphenoxy)benzoyl]acrylic acid
were used in place of 3-[4-(4-methylphenoxy)benzoyl]acrylic
acid, to give 5.06 g of ethyl 3-[4—(4-methoxyphenoxy)benzoyl]-
acrylate in the form of an oil.

15-NMR(CDC13), ppm : § = 1.31(3H, t, J=THz), 3.80(3H,
s), 4.26(2H, q, J=7Hz), 6.80(1H, 4, J=16Hz), 6.86 - 7.30(6H,
m), 7.86(1H, d, J=16Hz), 7.93(2H, 4, J=8Hz)
(2) The procedure in Example 12(2) was followed, except
that 3.29 g of ethyl 3-[4-(4-methoxyphenoxy)benzoyl]lacrylate
were used in place of methyl 3-(4-phenoxybenzoyl)acrylate, to

give 3.87 g of ethyl 2-acetylthio-3-[4-(4-methoxyphenoxy)-
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benzoyl]propionate in the form of an oil.

neat S _ . ) .
IRZ/max cm : 1740 1670 (carbonyl)

lH-NMR(CDC1l3), ppm : §= 1.25(3H, t, J=7Hz), 2.36(3H,
s), 3.51(1H, d4d, J=18Hz, 5Hz), 3.67(1H, dd, J=18Hz, 8Hz),
3.82(3H, s), 4.20(2H, g, J=7Hz), 4.70(1H, 4d, J=8Hz, S5Hz),

6.90 - 7.04(6H, m), 7.91(2H, 4, J=9Hz)

Example %0
(1) ';he procedure in Example 17 (1) was followed, except
that 6.05 g of 3-[4-(2~-chlorophenoxy)benzoyl]acrylic acid were
used in place of 3-[4-(4-methylphenoxy)benzoyljacrylic acid,
to give 5.06 g of ethyl 3-[4-(2-chlorophenoxy)benzoyl]-
acrylate in the form of an oil.

~ lg-NMR(CDCl3), ppm : §= 1.32(3H, t, J=7Hz), 4.28(2H,
q, J=7Hz), 6.81(1H, 4, J=16Hz), 6.85 ~ 7.41(4H, m), 7.87(1H,
d, J=16Hz), 7.97(2H, d, J=9Hz)
(2) The procedure in Exampie 12(2) was followed, except
that 3.31 g of ethyl 3-[4-(2-chlorophenoxy)benzoyl]acrlyate
were used in place of methyl 3-(4-phenoxybenzoyl)acrylate, to
give 3.80 g ofrethyl 2-acetylthio-3-[4-(2-chlorophenoxy) -
benzoyl]lpropionate in the form of an oil.

IRZ/;::t em~l : 1740 - 1680 (carbonyl)

lg-NMR(CDCl3), ppm : §= 1.25(3H, t, J=7Hz), 2.37(3H,
s), 3.52(1H, 44, J=18Hz, 5Hz}, 3.68(1H, 44, J=18Hz, 8Hz),
4.211(2H, q, J=7Hz), 4.71{1H, &4, J=8Hz, 5Hz), €.94(2H, 4,

J=9Hz), 7.13(1H, 4, J=8Hz), 7.15 - 7.37(2H, m), 7.52(1H, 4,
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J=8Hz), 7.95(2H, d, J=9Hz)

Example 21 .
(1) The procedure in Example 17(1l) was followed, except
that 6.05 g of 3-[4~-(3-chlorophenoxy)benzoyllacrylic acid were
used in place of 3-[4-(4-methylphenoxy)benzoyl]lacrylic acid,
to give 5.78 g of ethyl 3-[4-(3-chlorophenoxy)benzoyl]acrylate
in the form of an oil.

1u-nMr(CDC13), ppm : §= 1.36(3H, £, J=THz), 4.32(2H,
g, J=7Hz) 6.91(1H, 4, J=16Hz), 6.99(1H, 4, J=8Hz), 7.10(2H, 4,
J=8Hz), 7.11(1H, 4, J=8Hz), 7.21(1H, 4, J=8Hz), 7.33(1H, q,
J=§Hz), 7.91(1H, 4, J=16Hz), 8.04(2H, d, J=8Hz)
(2) The procedure in Example 12(2) was followed, except
that 3.31 g of ethyl 3-[4-(3-chlorophenoxy)benzoyl]acrylate
were used in place of methyl 3-(4-phenoxybenzoyl)acrylate, to
give 3.83 g of ethyl 2—acetylthio-3—(4—(3-chlorophenoxy)-
benzoyl]propiconate in the form of an oil.

IR VCHCL3 =1 ; 1750 - 1670 (carbonyl)
max

lg-NMR(CDCl3), ppm : §= 1.27(3H, t, J=7Hz), 2.39(3H,
s), 3.53(1H, ad, J=16Hz, 4Hz), 3.69(1H, 44, J=16Hz, 6Hz), 4.23

(2H, q; Jd=7Hz), 4.72(1H, 44, J=6Hz, 4Hz), 6.90 - 7.40(6H, m),
7.98(2H, 4, J=8Hz)

Example 22
(1) The procedure in Example 13(1) was followed, except
that 6.05 g of 3-[4-(4-chlorophenoxy)benzoyl]acrylic acid were

used in place of 3-(4-phenoxybenzoyl)acrylic acid, to give

—23
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5.51 g of ethyl 3-[4-(4~chlorophenoxy)benzoyl]acrylate.
m.p. 57 - 58 °C
(2} The procedure in Example 12(2) was followed, except
that 3.31 g of ethyl 3-[4~(4-chlorophenoxy)benzoyl)acrylate
were used in place of methyl 3-(4-phenoxybenzoyl)acrylate, to
give 3.81 g of ethyl 2-acetylthio-3-[4~(4-chlorophenoxy)-
benzoyl]propionate. '
T.p. 75.5 = 77 °C
Anal.(3); for C,qH;9C1l0s5S
Calcd. : C, 59.04; H, 4.71
Found : C, 58.91; H, 4.72

Example 23
(1) The procedure in Example 17(1) was followed, except

thét 6.92 g of 3-[4-(4-bromophenoxy)benzoyllacrylic acid were
used in place of 3-f4—(4-methylphenoxy)benzoyl]acrylic acid,
to givé 6;00 g of ethyl 3-[4—(4-bromophenoxy)benzoyl]acrylate
in the form of an oil. '

n 1H-NMR(CDCl3), ppm : §= 1.30(3H, t, J=7THz), 4.27(2H,
qg, J=7Hz), 6.81(1H, 4, J=16Hz), 6.90 - 7.55(6H, m), 7.85(1H,
d, J=16Hz), 7.95(2H, d, J=9Hz) -

(2 The procedure in Example 12(2) was followed, except
that 3.74'9 of ethyl 3-[4-(4-bromophenoxy)benzoyllacrylate
were used in place of methyl-3-(4-phenoxybenzoyl)acrylate, to
give 3.51 g of ethyl 2-acetylthio-3-[4-(4-bromophenoxy)-
benzoyl]propionate.

m.p. 67 - 68.5 °C
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Anal. (%); for CygH19BrOsgS
Calcd. : C, 53.22; H, 4.24

Found : C, 53.34; H, 4.32

Example 24
(1) The procedure in Example 17(1l) was followed, except
that 6.74 g of 3-[4-(3,4-dichlorophenoxy)benzoyllacrylic acid
were use§ in place of 3-[4-(4-methylphenoxy)benzoyl]lacrylic
acid, to give 5.42 g of ethyl 3-[4-(3,4-dichlorophenoxy) -
benzoyl)] acrylate.

m.p. 115 - 117 °C
(2) The procedufe in Example 12(2) was followed, except
that 3.65 g of ethyl'3-[4—(3,4-dichlorophenoxy)benzoyl]—
acrylate were used in place of methyl 3-(4-phenoxybenzoyl)-
acrylate, to give 3.90 g of ethyl 2-acetylthio-3-[4-(3,4-
dichlorophenoxy)benzoyl]propionate in the form of an oil.

IRZ/SnI;gli" em~1 : 1750 - 1670 (carbonyl)

1H~Nmﬁ(cnc13), ppm : §= 1.27(3H, t, J=7Hz), 2.18(3H,
s), 3.52(1H, a4, J=16Hz, 4Hz), 3.70(1H, 44, J=16Hz, 6Hz), 4.23
(28, g, J=7Hz), 4.72(1H, 4d, J=6Hz, 4Hz), 6.93(1lH, dd, J=8Hz,
3Hz), 7;04(2H,'d, J=8Hz), 7.18(1H, 4, J=3Hz), 7.47(1H, 4, J=

8Hz), 7.98(2H, 4, J=8Hz)

Example 25
3.44 g of 2-acetylthio-3-(4-phenoxybenzoyl)propionic

acid were dissolved in 50 ml of dioxane, then 5 ml of
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distilled water and 2 ml of concentrated sulfuric acid were
added, and the mixture was refluxed for 3 hours. The dioxane
was removed by evaporation under reduced pressure. Diethyl
ether was added to the residue, which was extracted with a
saturated agqueous solution of sodium hydrogencarbonate. The
extract was washed with diethyl ether, made slightly acidic by
addition of dilute hydrochloric acid, and extracted with
diethyl ether. The diethyl ether layer was washed with
water and dried over magnesium sulfate. The diethyl ether
was distilled off and the residue was purified first by silica

gel column chromatography, eluted with a mixture of hexane and

" dichloromethane, then by recrystallization from a mixture of

hexane and acetone to give 1.16 g of 2-mercapto-3-(4-phenoxy-
benzoyl)propionic acid.
 m.p. 134 - 135 °C
Anal;(%); for Ci1gH1404S
Calcd. : C, 63.56; H, 4.67
Found : C, 63.54; H, 4.70

Example 26
3.72 g of ethyl 2~acetylthio-3-(4-phenoxybenzoyl)-

propionate were dissolved in 30 ml of ethanol, then 3 ml of

distilled water and 1.2 ml of concentrated sulfﬁric acid were

added, and the mixture was refluxed for 4 hours. The
ethanol was removed by evaporation under reduced pressure.
DiethYl ether was added to the residue, which was washed with

water and dried over magnesium sulfate. The diethyl ether

H2® >
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was distilled off and the residue was purified first by silica
gel column chromatography, eluted with a mixture of hexane and
diethyl ether, then by recrystallization from a mixture of
hexane and diethyl ether to give 2.71 g of ethyl 2-mercapto-3-
(4-phenoxybenzoyl) propionate.

m.p. 46 - 47.5 °C

Anal. (%); for CigHig04S

Calecd. : C, 65.43; H, 5.49

Found

C, 65.46; H, 5.56

Example 27

The procedure in Example 26 was followed, except that
4.07’9 of ethyl 2-acetylthio-3-{[4-(4~-chlorophenoxy)benzoyl]-
propionate were used in place of ethyl 2-acetylthio-3-(4-
phenoxybenzoyl)propionate, to give 2.77 g of ethyl 3-[4-(4-
chlorophenoxy)benzoyl] -2-mercaptopropionate.

m.p. 75.5 - 76.5°C

Anal.(%); for CygH17C1048

Calcd. : C, 59.26; H, 4.70

Found : C, 59.14; H, 4.76

Example 28

3.30 g of ethyl 2—mercapto—3—(4—phen0xybenioyl)--
propionate were dissolved in 40 ml of diethyi ether, then 0.5
ml of pyridine and 3.0 ml of propionyl chloride were added.
The wmixcure was siirred at room temperature for 5 hours and

then allowed to stand overnight. The reaction mixture was
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sodium hydrogencarbonate and water, dried over magnesium
sulfate, and the diethyl ether was distilled off. The
residue was purified first by silica gel column
chromatography, eluted with a mixture of hexane and diethyl
ether, then by recrystallization from a mixture of hexane and
diethyl ether to give 3.45 g of ethyl 3-(4-phenoxybenzoyl)-2-
propionyﬁthiopropionate. .

m.p. 55 - 57°C

Anal. (%); for CpjH2505S

Calecd. : C, 65.27; H, 5.74

Found : C, 65.29; H, 5.69

Example 29

The procedure in Example 28 was followed, except that
3.0 ml of isobutyfyl chloride were used in place of propionyl
chloride, to give 3.88 g of ethyl 2-isobutyrylthio-3-(4-

phenoxybenzoyl)propionate in the form of an oil.

IR z/heat

_l_ .
max cm : 1735 (ester, thioester)

1680 (ketone) ‘

- lg-NMR(CDC13), ppm : §= 1.26(9H, m), 2.79(1H, heptet,
J=6Hz), 3.52(1H, d&d, J=17Hz, SHz), 3.68 (18, ad, J=17Hz, 8Hz),
4.22(2H, q, J=7Hz), 4.70(1lH, dd, J=8Hz, 5Hz), 6.98 - 7.48(7H,
m), 7.96(2H, 4, J=8Hz)

Example 30
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The procedure in Example 28 was followed, except that
3.0 ml of hexanoyl chloride were used in place of propionyl
chloride, to give 3.30 g of ethyl 2-hexanoylthio-3-(4-phenoxy-
benzoyl)propionate in the form of an oil.

IRt’ggit em~l : 1735 (ester, thioester)

7 1680 (ketone)
lp-NMR(CDC13), ppm ¢ &= 0.89(3H, m), 1.27(3H, t,
5=7Hz), 1.30(4H, m), 1.69(2H, m), 2.60(2H, t, J=7Hz), 3.51(1H,
dd, J=17§z, 4Hz), 3.67(1H, dd, J=17Hz, 8Hz), 4.22(2H, q,
J=7Hz), 4.72(1H, 44, J=8Hz, 4Hz), 6.96 - 7.48(7H, m), 7.95(2H,
d, J=9Hz) |

Example 31

The procedure in Example 13(2) was followed, except
that 2.22 g of thiobenzoic acid were used in place of
thiocacetic acid, to give 4.02 g of ethyl 2-benzoylthio-3-(4-
phenoxybenzoyl)propionate.'

m.p. 95 - 96 °C

Anal. (%); for Cpg5H205S

Calecd. : C, 69.11; H, 5.10

Found : C, 69.02; H, 5.15
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CLAIMS

1. 3-benzoyl-2-mercaptopropionic acid derivatives having

the general formula:

-

X < COOR
0 COCHyCH L ¢,
Y -

wherein X is hydrogen or halogen, Y is hydrogen, halogen,
methoxy or alkyl having 1 to 3 carbon atoms, Z is hydrogen,
alkylcarbonyl having 2 to 6 carbon atoms or benzoyl, and R is

hydrogen, alkali metal or alkyl having 1 to 5 carbon atoms.
2. A compound according to claim 1 wherein X is hydrogen.

3. A compound according to claim 1 wherein Y is hydrogen

or halogen.

4., A compound according to claim 1 wherein Z is acetyl.
5. A compound according to claim 1 wherein R is hydrogen
or ethyl.

6. A compound according to claim 1 wherein X is hydrogen,

Y is hydrogen or halogen, Z is acetyl and R is hydrogen or
ethyl.
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